The extraction of metals from acid solutions by high molecular weight amines has been reported by a number of investigators, but there are few observations on the extraction of metals from aqueous solution in the vicinity of neutral range. Although carboxylic acids are a possible group of reagents to extract the metals in the vicinity of neutral range 1) , their extraction efficiencies depend remarkably on the pH of the aqueous phase. On the other hand, it is known that quaternary ammonium compounds are effective extractants for the extraction of metals forming the oxo-anions from alkaline solutions [2] [3] [4] . Accordingly the mixed ionic solvent system consisting long-chain alkyl quaternary ammonium carboxylates seems to be effective for such extraction. This is mainly applied to the extraction of magnesium 5-7) , but observations on the other metals are limited. In contrast, we have previously studied on the extraction of bivalent transition metals from aqueous solutions by alkyl quaternary ammonium carboxylates 8, 9) . Therefore the present study extends the work to the extraction of bivalent zinc and cadmium by the similar extraction system.
Liquid-Liquid Extraction of Bivalent Zinc and Cadmium from Aqueous Solutions by Long-Chain Alkyl Quaternary Ammonium Carboxylates １．Introduction
The extraction of metals from acid solutions by high molecular weight amines has been reported by a number of investigators, but there are few observations on the extraction of metals from aqueous solution in the vicinity of neutral range. Although carboxylic acids are a possible group of reagents to extract the metals in the vicinity of neutral range 1) , their extraction efficiencies depend remarkably on the pH of the aqueous phase. On the other hand, it is known that quaternary ammonium compounds are effective extractants for the extraction of metals forming the oxo-anions from alkaline solutions [2] [3] [4] . Accordingly the mixed ionic solvent system consisting long-chain alkyl quaternary ammonium carboxylates seems to be effective for such extraction. This is mainly applied to the extraction of magnesium [5] [6] [7] , but observations on the other metals are limited. In contrast, we have previously studied on the extraction of bivalent transition metals from aqueous solutions by alkyl quaternary ammonium carboxylates 8, 9) . Therefore the present study extends the work to the extraction of bivalent zinc and cadmium by the similar extraction system.
Experimental

2・1 Reagents
The alkyl quaternary ammonium carboxylates were prepared by mixing calculated amounts (equal volumes of solutions in 0.5 mol dm -3 each) of trioctylmethylammonium chloride (TOMAC, R 3 R'NCl, Koei Chem. Ind. Co., Ltd.) and carboxylic acids (octanoic, decanoic and lauric acids, C n H 2n+1 COOH with n=7, 9 and 11), and treated with an excess amount of sodium hydroxide, and then washed throughly with distilled water to remove sodium and chloride ions. The resulting materials (R 3 R'NR"COO・5H 2 O) were diluted with benzene. The aqueous solutions of metals were prepared by dissolving the chlorides of zinc and cadmium (ZnCl 2 and CdCl 2 ・H 2 O) in water and those pH values were adjusted at ～7 by adding perchloric acid. The used reagents were of analytical grade.
2・2 Extraction and analytical procedures
The procedure for obtaining distribution coefficient (E a o , the ratio of the equilibrium concentration of metal in the organic phase to that in the aqueous phase) was as follows : equal volumes (15 cm 3 each) of the organic and aqueous phases were shaken for 10 min, and then the metal in the organic phase was stripped with 1 mol dm -3 hydrochloric acid. All experiments were carried out at 20℃ except the examination on temperaturedependence of distribution coefficient. The concentrations of zinc and cadmium were determined by EDTA titration using BT (Eriochrome Black T) as an indicator. The chloride concentration and water content of the organic phase determined by the uses of Volhard' s method and Karl-Fisher' s titration, respectively. 2・3 Infrared spectral measurement The infrared spectra of the organic extracts were determined on JASCO models IRA-1 (4000-650 cm -1 ) and IR-F (700-200 cm -1 ) using a capillary film between thallium halides or polyethylene films.
Results and discussion
3・1 Extraction isotherms
It has been reported that the extraction of bivalent transition metals such as manganese, cobalt, nickel and copper from aqueous chloride solutions by long-chain alkyl quaternary ammonium carboxylates is expressed by the following equation :
The extraction of zinc and cadmium from aqueous solutions by long-chain alkyl quaternary ammonium carboxylates, prepared by combination of trioctylmethylammonium chloride (R 3 R'NCl) and carboxylic (octanoic, decanoic and lauric) acids (R"COOH), in benzene has been investigated in the vicinity of neutral pH. The organic phases were examined by infrared spectral measurements. As a result, it is found that the extraction efficiency is in the order Zn <Cd and Zn> Cd with R 3 R'NR"COO concentrations which are higher or lower than 0.05 mol dm -3 , respectively. In addition, the extraction processes for Zn(II) and Cd (II) may be expressed as Zn 
where M=Mn, Co, Ni and Cu, and (a) and (o) are aqueous and organic phases, respectively 8) . Accordingly we presume that the extraction of zinc(II) from aqueous solutions by quaternary compounds proceeds in the reaction similar to Eq. (1)
However, since zinc chloride is easy to get the hydrolytic reaction, it is slightly diff icult to examine the extraction behaviour of zinc(Il) from aqueous solutions by varying the concentration of zinc. For the extraction of zinc(II), the dependence of distribution coefficient on the concentration of extractants is shown in Fig. 1 . When zinc(II) was extracted by trioctylmethylammonium carboxylates containing octanoic, decanoic and lauric acids from aqueous phase of zinc chloride at 1 g dm -3 , the log-log plots of the distribution coefficient of Zn(II) vs. [R 3 R'NR"COO] indicated the straight lines with the slope of unity suggesting the first power dependence of the distribution coefficient on the solvent concentration. This corresponds to the result obtained previously in the extraction of transition metals 8) . Further it is seen from Fig. 1 that the effect of different kinds of carboxylic acid on the extraction efficiency is not always remarkable, but the efficiencies increase in the order of octanoic, decanoic and lauric acids. For the extraction of cadmium(II) from aqueous solutions containing cadmium chloride, the loading test of cadmium to the organic phase was carried out to examine the stoichiometry of the extracted species (Fig. 2) . With increasing the initial aqueous cadmium chloride concentration, the molar ratio of Fig. 3 . This suggests that the combination of TOMAL with cadmium ion is in the molar ratio of 2 : 1. However, since the log-log plots of the distribution coefficint for Cd(II) vs. [R 3 R'NR"COO] show the straight lines with the slope of one-half as shown in Fig. 4 , it is considered that the extraction of cadmium(II) from aqueous solutions by R 3 R'NR"COO is different from that of zinc(II). In general, it is inferred that the species in aqueous solutions of bivalent metals at low chloride ion concentration are expressed by the following equilibrium . Thus the species in aqueous solutions of other metals except for the species CdCl + are presumed to be expressed as M 2+ . Additionally the extracted cadmium complex reveals the Cd-Cl vibration in far-infrared region. Therefore the following equilibrium equation is assumed to support for the extraction of cadmium chloride from aqueous solutions :
When the distribution coeff icients of zinc(II) and cadmium(II) are compared in Figs. 1 and 4 , it is found that in the extraction from aqueous chloride solutions containing zinc(II) and cadmium(II), respectively, at 1 g dm -3 , the extraction efficiency is in the order Zn <Cd and Zn> Cd with R 3 R'NR"COO concentrations which are higher or lower than 0.05 mol dm -3 , respectively. From Fig. 4 it is deduced that the extraction efficiency for cadmium (II) by long-chain alkyl ammonium carboxylates with different kinds of carboxylic acid increases in the order of octanoic, decanoic and lauric acids, although their effects are not remarkable as well as the extraction of zinc(II). These phenomena correspond to the solubility of carboxylic acids into benzene (C 8 < C 10 < C 12 ).
3・2 Infrared spectra
The infrared (IR) spectra of the organic extracts from the extraction of aqueous solutions containing metal chlorides by trioctylmethylammonium carboxylates were compared with those of the extractants. The IR spectrum of the extractant R 3 R'NR"COO・5H 2 O reveals the OH stretching band at 3300 cm -1 . The OH stretching frequencies for the organic extracts from aqueous solutions containing zinc chloride at 1 g dm -3 with 0.2 and 0.01 mol dm -3 TOMAL shift to the higher frequencies at 3360 and 3400 cm -1 , respectively. These suggest that the water molecules contained in the extractant are removed to form the composition of R 3 R'NCl・5H 2 O, which shows the OH stretching band at 3400 cm -1 14) , for the R 3 R'NCl produced according to Eq. (1). It is thus induced that the water molecule in the organic phase has no relation to the metal complex. In the IR spectrum of carboxylic acid, the C-O stretching bands appear at 1710 and 1400-1200 cm - 1 5) . The quaternary compounds show the similar bands at 1560 and 1380 cm -1 , indicating that the extractant exists in the organic phase as a carboxylate 15) . As for the IR spectra of the organic zinc extracts, the C-O stretching modes appear at the same frequencies as those of the quaternary compound. However, since the carboxylate group is coordinated to zinc as a bidentate ligand 16, 17) , the relative intensity relation between the absorption bands at 1465 and 1380 cm -1 becomes converse in comparison with that for the quaternary compound ( Fig. 5) .
Similar IR spectra are shown for the organic extracts from aqueous cadmium chloride solution at 1 g dm -3 with 0.02 and 0.005 mol dm -3 TOMAL (Fig. 6 ). Furthermore the absorption due to the Cd-Cl vibration is observed at 225 cm -1 , suggesting that the chloride ion in the organic phase is coordinated to cadmium ion.
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3・3 Temperature effect
The extraction of aqueous solutions containing zinc and cadmium chlorides at 1 g dm -3 , respectively, with 0.02 mol dm -3 TOMAL at the temperatures 283-323 K gives the results that the distribution coefficients of zinc(II) and cadmium(II) increase and decrease, respectively, with rising the temperature ( Table 1) . From this the values of heat of reaction (change in enthalpy, -ΔH) in Eqs. (2) and (4) are estimated to be 14.1 and -13.7 kJ mol -1 for the extraction of zinc(II) and cadmium(II), respectively, but the temperature effect on those extraction systems is small.
3・4 Application to separation of metals
From the results obtained in the previous and present papers, the distribution coefficients for the extraction of bivalent metals from their chloride aqueous solutions at 1 g dm -3 in the vicinity of neutral range with 0.1 mol dm -3 TOMAL at 20℃ are as follows : 0.637, 0.938, 0.941 and 42.3 for Mn, Ni, Co and Cu 8) ; 9.18 and 8.21 for Zn and Cd. In addition, as the temperature effect on those extraction systems is small, there is the possibility for the separations of copper, zinc and cadmium from the other metals and of zinc from cadmium depending on the concentration of TOMAL.
Conclusion
The extraction of zinc(II) and cadmium(II) from aqueous solutions containing their metal chlorides in the vicinity of neutral range has been investigated by the long-chain alkyl quaternary ammonium carboxylates. Consequently it is confirmed that the extraction reactions of zinc(II) and cadmium (II) proceed according to the equilibrium equations Table 1 Temperature-dependence of distribution coefficient for the extraction of zinc(II) or cadmium(II) from aqueous solution at 1 g dm -3 with trioctylmethylammonium laulate in benzene
